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Abstract.
We present preliminary results of the study of the radial distribution of
helium in the Milky Way. We use 37 spectra from 23 Galactic HII re-
gions observed with VLT, GTC and Magellan Telescope. Using PyNeb,
we calculate the abundance of He+ with all the He I detected lines. In
most cases, both the average abundance of He+ and its associated dis-
persion are higher when triplet lines are used. Although corrections for
collisional processes are considered in the calculations, the differences in
the He+ abundance are not negligible between both spin configurations.
This suggests that self-absorption processes are important in most triplet
lines. Four ICFs were used to estimate the contribution of He0 in the to-
tal abundance. The resulting radial distribution of helium has a negative
slope when singlet lines are used, regardless of the ICF used.
Key words: ISM: abundances — Galaxy: abundances — Galaxy: disc
— Galaxy: evolution — HII regions.
1. Introduction
The star formation history and the gas flows determine the distribution of chem-
ical abundances in galaxies. The existence of radial gradients of chemical abun-
dances in spiral galaxies is a well known fact, and is thought to be caused by
’inside-out’ galaxy formation scenario, where the number of generations of stars
that have existed is smaller as the galactocentric distance increases.
Almost no metals were created in the beginning of the Universe. Thus, the dif-
ference in metallic content between two stellar generations is noticeable and a
radial gradient can be traced. On the other hand, the biggest fraction of helium
was created during the Primordial Nucleosynthesis and the determination of its
radial gradient is highly sensitive to errors and uncertainties in the calculation
of He/H ratio.
To determine a radial gradient in the Galactic distribution of helium requires a
sample of objects with good quality spectra that covers a wide range of Galac-
tocentric distances. HII regions are suitable for this purpose since they trace the
present-day chemical composition of the Galaxy.
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Figure 1. Distribution of HII regions of the sample. The Galactocen-
tric distance is presented in kpc. The yellow dot indicates the position
of the Sun (8 kpc).
2. Procedure
Our sample consists on 37 deep spectra of 23 Galactic HII regions, covering a
range of radial distance between 5 and 17 kpc. In Figure 1 the distribution of
the HII regions in the Galaxy disk is shown.
The data have been obtained with the high-resolution spectrograph UVES at
VLT, OSIRIS at GTC and MagE at Magellan Telescope (García-Rojas et al.,
2004; Esteban et al., 2004; García-Rojas et al., 2005, 2006, 2007; Esteban et al.,
2013, 2016, 2017). The spectral resolution and wavelength coverage allowed us
to detect several He I recombination lines in each spectrum in both spin config-
urations: triplet and singlet.
We calculated the abundance of He+ using PyNeb (Luridiana et al., 2015) with
all the detected He I lines in the sample. Some lines as λ3889, λ7065, λ7281
and λ9464 were discarded from the analysis for being deeply affected by line
blending, self-absorption, collisions or blending with sky lines. Some other lines
were also discarded in particular cases, as λ5016 in the Orion Nebula (Esteban
et al., 2004). The effective recombination coefficients used were those calculated
by Porter et al. (2013), which include corrections for collisional effects.
To calculate the total helium abundance, the He0/H+ ratio was estimated using
four Ionization Correction Factors (ICF) based on similarities between ionisation
potentials of sulfur and/or oxygen and helium (Peimbert & Torres-Peimbert,
1977; Kunth & Sargent, 1983; Peimbert et al., 1992; Zhang & Liu, 2003). Using
Galactocentric distance estimates from the literature for each region of the sam-
ple, we derived the radial distribution of helium, analysing separately the results
based on singlet and triplet lines.
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3. Results and conclusions
Estimates of He+/H+ and their associated dispersions were comparatively higher
using triplet lines. As an example, Figure 2 shows calculations of He+/H+ ob-
tained with every detected He I line in the Orion Nebula. Figure 3 shows the
overestimate of He+/H+ in calculations based on the triplet He I λ5876 line com-
pared to the average value from singlets.
Figure 2. Abundance of He+ obtained with several recombination
lines. Horizontal lines represent the average value for the singlets
and triplets. The coloured band indicates the associated uncertainty.
The red symbols represent triplets while blue ones represent singlets.
Crosses indicate discarded lines.
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Figure 3. Representation of the He+/H+ ratio determined for He I
5876Å with respect to the mean He+/H+ ratio determined from singlets
(indicated by the color of the circles) as a function of Te and ne.
The resulting radial distribution of helium has negative slope when singlet lines
were used regardless of the ICF used. In the case of triplet lines, the slope
depends on the ICF used. Calculations based on triplet lines are affected by self-
absorption mechanisms that are not easy to correct. Figure 4 shows the radial
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distribution of helium based on singlet lines and the average value if all the ICF
are considered.
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Figure 4. Radial distribution of He/H calculated with singlet lines
and the average value of all ICF used. Red symbols have ICF≥1.2 and
were not used for the linear fit.
Our preliminar results are summarised as follows:
1. Almost all triplet lines comparatively provide overabundances in the He+/H+
ratio. The dispersion is also larger. Corrections for collisional processes
are considered in the He abundance determinations. This suggests that the
effects of self-absorption are not negligible in most triplet lines.
2. Discarding triplet lines, the radial distribution of helium has a negative
slope regardless of the ICF used. Nevertheless, due to the uncertainty
introduced by the ICFs, errors in the slope are still consistent with a flat
distribution.
3. HII regions associated with Wolf-Rayet or evolved O stars present helium
overabundances.
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